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INTRODUCTION
Interstitial cystitis (IC) is a disease of the urinary bladder with lower urinary tract symptoms such as urinary frequency, blad-der hypersensitivity and/or bladder pain. IC is often associated with serious impairment of quality of life [1] . Because its pathological mechanism is still unknown, curative therapy for IC has yet to be established.
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Hydrodistention is used to both diagnose IC and treat symptoms, including pain, urgency, and urinary frequency. The positive effects of hydrodistention last only about 6 months [2] [3] [4] . Fulguration of Hunner lesions is an effective treatment for Hunner type IC patients. However, approximately 50% of patients who undergo fulguration require a repeat procedure within a few years [5] [6] [7] [8] . There is therefore a need for definitive therapy to prevent recurrence of IC symptoms following therapeutic endoscopic treatment. To resolve the short duration of endoscopic efficacy, studies have examined combination treatment with intravesical injections of botulinum toxin A, intravesical instillation of hyaluronic acid, or bladder training [4, 9, 10] .
Intravesical treatment for IC has been used for symptoms that are refractory or resistant to initial treatment, including conservative therapy and/or oral medications. For decades, intravesical instillation of dimethyl sulfoxide (DMSO) has been the cornerstone of IC treatment [11] . DMSO reportedly has local analgesic, anti-inflammatory, muscle-relaxing, and bacteriostatic effects [12] [13] [14] [15] . Based on these mechanisms, we hypothesized that maintenance DMSO therapy following therapeutic endoscopic treatment may prolong the recurrence-free time compared to that achieved with therapeutic endoscopic treatment alone. However, few reports have evaluated the efficacy of maintenance DMSO therapy following therapeutic endoscopic treatment.
The aim of this study was to evaluate whether therapeutic endoscopic treatment (hydrodistention with fulguration of Hunner lesions, HD/FUL) plus maintenance DMSO therapy prolongs the recurrence-free time in patients with Hunner type IC.
MATERIALS AND METHODS
This prospective study (UMIN000027494) included patients with Hunner type IC who required a repeat HD/FUL due to the recurrence of IC symptoms after the first HD/FUL at our institution, despite all patients having received various other additional treatments with patient education and oral medications. The enrolled patients received the second HD/FUL plus maintenance DMSO therapy from August 2007 to March 2019. The protocol of this study was approved by the institutional ethics committee (14-302), and written informed consent was obtained from all patients.
Hunner type IC was defined as a disease of the urinary bladder meeting the following 3 criteria: (1) lower urinary tract symptoms such as urinary frequency, bladder hypersensitivity and/or bladder pain; (2) bladder pathology proven endoscopi-cally by the presence of Hunner lesions; and (3) exclusion of other diseases such as infection, malignancy, or calculi of the urinary tract [1] . The patients had undergone an initial evaluation before the first HD/FUL at our institution consisting of historytaking, physical examination, urinalysis, O'Leary-Sant Interstitial Cystitis Symptom and Problem Indices (ICSI and ICPI), visual analogue scale (VAS) for pain and urgency from 0-9 (0, none to 9, intolerable), and a 3-day bladder diary. If necessary, patients were evaluated using urine cytology, urine culture, transabdominal ultrasonography, computed tomography, or magnetic resonance imaging to exclude other diseases or conditions. Hydrodistention was performed by overdistending the bladder using physiological saline at 80 cm H2O with continuous endoscopic observation under general anaesthesia. At the early phase of filling with saline, Hunner lesions were carefully observed. After overdistention, pressure was maintained for 3 minutes. To avoid saline leakage around the cystoscope during the filling phase, the operators manually squeezed the urethra through the anterior vaginal wall in female patients. While the saline was continuously and slowly drained, the bladder mucosa was evaluated for bleeding. The drained volume was measured using a measuring cylinder. These procedures were repeated twice. Hunner lesions were electrically fulgurated after overdistending the bladder.
For the second HD/FUL, patients were subsequently started on maintenance DMSO therapy within one month (mean duration, 21.4 ± 7.2 days). The protocol for this study is shown in Fig.  1 . The maintenance DMSO therapy was provided every 2 weeks for a total of 8 instillations, and then once every 4 weeks thereafter. Intravesical instillation was performed using 50 mL of 50% DMSO, which was retained in the bladder for 15 minutes. Maintenance DMSO therapy was continued until the patient withdrew consent, IC symptoms requiring repeat endoscopic treatment or other intravesical instillation therapy recurred, or adverse events made it impossible to continue DMSO therapy. If patients needed to control temporary pain or urgency accompanying DMSO instillation, they were allowed to use oral or rectal nonsteroidal anti-inflammatory drugs (NSAIDs).
Therapeutic failure was defined as the need to receive repeat endoscopic treatment or other intravesical instillation therapy due to the recurrence of IC symptoms, despite receiving other additional treatments including patient education (instructions on stress reduction, fluid intake, and dietary interventions) and oral medications (amitriptyline, hydroxyzine, suplatast tosilate, or NSAIDs) to control IC symptoms as appropriate.
The recurrence-free time from HD/FUL to therapeutic failure was estimated using the Kaplan-Meier method. The recurrence-free time from the first HD/FUL to therapeutic failure was used as a control (intrasubject controlled analysis). The recurrence-free time between the first HD/FUL and second HD/ FUL plus maintenance DMSO therapy was statistically compared using the log-rank test. For patients with no therapeutic failure, their recurrence-free time was censored at the time of discontinuation of maintenance DMSO therapy or at the last visit, whichever was earlier.
In the first HD/FUL (control), the final assessment was performed at the time of recurrence of IC symptoms. In the second HD/FUL plus maintenance DMSO therapy, the final assessment was performed at the time of recurrence of IC symptoms, discontinuation of maintenance DMSO therapy, or at the last visit, whichever was earlier. All patients completed ICSI, ICPI, VAS for pain and urgency, and a bladder diary before and 1 month after HD/FUL, as well as at the final assessment. To rule out the possibility that a difference in efficacy between the first and second HD/FUL affected the efficacy of maintenance DMSO therapy, changes in clinical variables between pre-and post-HD/FUL were statistically compared using a t-test.
Statistical analyses were performed using IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA) and GraphPad Prism 6 (GraphPad, San Diego, CA, USA). Statistical significance was defined as a P-value < 0.05.
RESULTS
A total of 23 patients with Hunner type IC who required repeat [16] . Patients' characteristics before the first and second HD/FUL are shown in Table 1 . There were no significant differences in any preoperative variables between the first and second HD/FUL. The mean duration of the follow-up from the start of maintenance DMSO therapy to the last visit was 71.8 ± 39.8 months. Among the 21 patients, 10 patients continued maintenance DMSO therapy without therapeutic failure (median duration, 41 months; range, 7-114 months), and 4 patients experienced therapeutic failure (median duration, 18 months; range, 12-50 months). Although 7 patients discontinued maintenance DMSO therapy because of sustained remission of IC symptoms (n = 4), urgency and pain accompanying DMSO instillation (n = 1), loss to follow-up (n = 1), and onset of idiopathic thrombocytopenia (n = 1), they did not experience therapeutic failure during the maintenance DMSO therapy (median duration. 23 months; range, 5-87 months). Plots of the recurrence-free time for the first HD/FUL and second HD/FUL plus maintenance DMSO therapy are shown in Fig. 2 . The log-rank test showed that the recurrence-free time for the second HD/FUL plus maintenance DMSO therapy was significantly longer than that for the first HD/FUL (P < 0.0001). Median recurrence-free time for the first HD/FUL was 10.1 months, while that for the second HD/FUL plus maintenance DMSO therapy has yet to be reached. The recurrence-free rate for the first HD/FUL was 81.0% at 6 months, 38.1% at 1 year, 9.5% at 2 years, and 4.8% at 3 years. In contrast, the rate for the second HD/FUL plus maintenance DMSO therapy was 100% at 6 months, 94.7% at 1 year, 82.6% at 2 years, and 82.6% at 3 years. Fig. 3 shows the changes in clinical variables of the first HD/ FUL and second HD/FUL plus maintenance DMSO therapy (with and without therapeutic failure). There were no significant differences in efficacy between the first and second HD/ FUL. The maximum bladder capacity (mL) at the first and second HD/FUL was 586 ± 194 and 521 ± 185, respectively (P = 0.268). Also, there was no significant difference in the number of Hunner lesions between the first and second HD/FUL (2.1 ± 1.8 vs. 2.4 ± 1.4, P = 0.623). Further, between patients with and without therapeutic failure of DMSO instillation, there were no significant differences of the maximum bladder capacity (475 ± 95 vs. 531 ± 201) or the number of Hunner lesions (1.3 ± 0.5 vs. 2.6 ± 1.6) at the second HD/FUL.
DISCUSSION
Intravesical DMSO instillation is commonly used for the treatment of IC. Most studies have reported short-or middle-term efficacy of DMSO for patients with recurrent disease or who are refractory to conservative therapy. However, few studies have examined the efficacy of DMSO in IC patients stratified into Hunner type IC and non-Hunner type IC. Ek et al. [17] reported that, among 17 patients with Hunner lesions, DMSO improved pain and urinary frequency in 12 patients but did not improve bladder capacity. Peeker et al. [18] reported that while DMSO had no positive effect on maximal functional capacity, it significantly reduced pain and urinary frequency, but only in patients with classic IC (Hunner type IC). Recently, Tomoe [19] reported the effectiveness of maintenance DMSO therapy for 24 months fol-lowing therapeutic hydrodistention in Hunner type IC patients. She concluded that DMSO intravesical instillation therapy was useful for both maintaining and improving the effectiveness of hydrodistention in IC patients with Hunner lesions [19] . These studies demonstrate that, regardless of the presence or absence of pretreatment with hydrodistension, DMSO had short-or middle-term efficacy for treating Hunner type IC. However, from a recurrence prevention perspective, there have been no reports on the long-term efficacy of maintenance DMSO therapy following therapeutic endoscopic treatment.
The hallmark characteristic of IC is Hunner lesions. Fulguration of Hunner lesions is an effective treatment for ameliorating IC symptoms [5] [6] [7] [8] . The American Urological Association guidelines recommend performing fulguration with a laser or electrocautery for Hunner lesions [20, 21] . Further, Lee et al. [22] recently reported that transurethral resection of Hunner lesions combined with therapeutic hydrodistention increases bladder capacity and improves voiding symptoms more so than transurethral resection alone for ulcerative IC. Regrettably, even with concomitant therapeutic hydrodistention, approximately 50% of patients who undergo fulguration require a repeat procedure within a few years [7, 17] . This evidence demonstrates the need for an effective treatment to prolong the recurrence-free time following hydrodistention with fulguration. The present study clearly demonstrates that maintenance DMSO therapy may be the novel therapeutic approach needed to prolong recurrence-free time following therapeutic endoscopic treatment in Hunner type IC.
The present study showed that there was no significant difference in efficacy between the first and second HD/FUL. Rather, the maximum bladder capacity at the second HD/FUL was smaller than that at the first HD/FUL, although this difference was not significant. Ottem and Teichman [3] demonstrated that patients undergoing their first versus a repeated cystoscopy with hydrodistension had a hydrodistension volume of 772 ± 138 mL versus 646 ± 177 mL (P = 0.02), while the median duration of responders was not significantly different between the first and repeat therapies (P = 0.99). Similarly, Ko et al. [8] reported that, in Hunner type IC, there was no significant difference in recurrence-free time between the first and second ablation for Hunner lesions. These results support our finding that the difference in postoperative status between the first and second HD/FUL had no effect on the efficacy of maintenance DMSO therapy.
Currently, several reports have examined the efficacy of combination therapy for improving the short-term efficacy following therapeutic endoscopic treatment. Kuo [4] reported that intravesical injections of botulinum toxin type A followed by hydrodistention produced significantly better clinical results than hydrodistention alone in IC patients. Lee and Kuo [23] also demonstrated that repeated intravesical injections of onabotulinumtoxinA were safe, effective, and sustainable in the treatment of IC patients who did not respond to conventional treatment. Shao et al. [9] reported that intravesical instillation of hyaluronic acid may prolong the effect of bladder hydrodistention in patients with severe IC. The present study demonstrated the clinical benefit of using DMSO to sustain the therapeutic efficacy of endoscopic treatment in patients with Hunner lesions.
This study has several limitations. First, this was a pilot study with a small population and analysis conducted using an intrasubject control. As this study was a single-arm trial with no placebo-arm, we cannot deny the possibility of having a placebo effect. Clinical applicability should be further evaluated in a randomized, double-blind, parallel-group, placebo-controlled study. On the other hands, as DMSO has a strong garlic odor, there may be an inherent problem to perform placebo-controlled trials. Second, we defined therapeutic failure as the need to receive repeat endoscopic treatment or other intravesical instillation therapy due to the recurrence of IC symptoms. This definition was based solely on subjective symptoms; therefore, there may have been biases in judging the timing of the second HD/FUL or failure of maintenance DMSO therapy. However, because the symptoms of IC varied from patient to patient, it was difficult to centrally define therapeutic failure using the symptom score or other clinical variables. In fact, several previous reports have defined therapeutic failure based on subjective symptoms [4, 7, 23] . Third, the length of time for which maintenance DMSO therapy should be continued in cases without recurrence of IC symptoms is controversial. Our results demonstrated that patients who continued maintenance DMSO therapy for more than 5 years showed no subsequent recurrence of IC symptoms. However, future prospective studies should verify the timing of treatment discontinuation.
In conclusion, therapeutic endoscopic treatment plus maintenance DMSO therapy clearly prolongs the recurrence-free time compared with therapeutic endoscopic treatment alone in Hunner type IC. A randomized, double-blind, parallel-group, placebo-controlled study should be performed to confirm our results.
